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EssentialsConcerns arise on the impact of the coronavirus disease 2019 (COVID‐19) pandemic on non--COVID‐19--related medical conditions.We conducted a single‐center study on number of imaging tests and pulmonary embolism (PE) compared to prior reference periods.A decline in PE diagnosis and imaging tests during the pandemic was observed.Strategies for providing acute medical care for non--COVID‐19--related medical conditions are needed.

1. INTRODUCTION {#rth212391-sec-0007}
===============

On March 11, 2020, in recognition of the widespread global transmission of the corona virus disease 2019 (COVID‐19), a novel respiratory disease induced by the severe acute respiratory syndrome coronavirus 2, the World Health Organization (WHO) has formally declared the current outbreak of COVID‐19 a pandemic. As of April 26, 2020, the WHO reported over 2.8 million confirmed cases globally with a steady increase in daily new cases.[^1^](#rth212391-bib-0001){ref-type="ref"} To prevent and control infections, stringent containment measures have been undertaken in many countries, such as public lockdown, advice to stay at home, social distancing, isolation, and quarantines. One central goal has been to avoid overburdening of the health care capacity with cases of COVID‐19. However, as the coronavirus pandemic has focused medical attention on treating affected patients and protecting others from infection, questions arise about the impact of the pandemic on the general medical care for people with non--COVID‐19--related diseases.[^2^](#rth212391-bib-0002){ref-type="ref"}

Concerns have been raised regarding missing diagnoses of acute medical conditions such as acute coronary syndrome, stroke, or other acute cardiovascular conditions such as pulmonary embolism (PE). A reduction in diagnostic procedures, number of new cases, and delay in treatments of patients with acute coronary syndrome has already been reported.[^3^](#rth212391-bib-0003){ref-type="ref"}, [^4^](#rth212391-bib-0004){ref-type="ref"}, [^5^](#rth212391-bib-0005){ref-type="ref"}, [^6^](#rth212391-bib-0006){ref-type="ref"}

In context of the COVID‐19 pandemic, the impact on patients with suspected PE may be of particular interest because of potentially overlapping symptoms with COVID‐19, which include chest pain, shortness of breath, hemoptysis, and even fever.[^7^](#rth212391-bib-0007){ref-type="ref"}, [^8^](#rth212391-bib-0008){ref-type="ref"} While the population was generally instructed to stay at home and refrain from seeking medical attention in non--life‐threatening situations, persons experiencing the symptoms above, may have sought medical attention for PE late. PE is a potentially life‐threatening disease,[^9^](#rth212391-bib-0009){ref-type="ref"} where early diagnosis and initiation of anticoagulation are crucial.[^10^](#rth212391-bib-0010){ref-type="ref"}, [^11^](#rth212391-bib-0011){ref-type="ref"}, [^12^](#rth212391-bib-0012){ref-type="ref"}

Therefore, we aimed at investigating how the COVID‐19 crisis has influenced the routine diagnostic workup and incidence of PE patients in a single‐center cohort study in a large tertiary care hospital in Vienna, Austria.

2. METHODS {#rth212391-sec-0008}
==========

2.1. Study design {#rth212391-sec-0009}
-----------------

This single‐center cohort study was conducted at the Vienna General Hospital of the Medical University of Vienna, a tertiary care center with a capacity of 1773 beds, including 137 intermediate and 130 intensive care beds. The national pandemic emergency plan intended specific hospitals to treat COVID‐19 patients, and in our hospital, it was anticipated to provide acute medical care for the urban population of Vienna not affected by COVID‐19. The study was approved by the ethics committee of the Medical University of Vienna, Vienna, Austria (EK‐Nr: 1305/2020).

2.2. Data sources {#rth212391-sec-0010}
-----------------

We obtained all diagnostic imaging reports for patients undergoing computed tomography pulmonary angiography (CTPA) or ventilation/perfusion (V/P) lung scanning in the calendar weeks 1 to 17 of the years 2018, 2019, and 2020. All imaging reports were screened, and examinations that were not performed for the diagnostic workup of a suspected PE including diagnostic for chronic thromboembolic pulmonary hypertension were excluded. Further, medical records and electronic patient charts of each patient were reviewed to confirm the diagnosis of PE and to obtain further information on patient demographics and clinical history and to assess the severity of PE. The data cutoff for the study was April 26, 2020, 6 weeks after the initiation of the public measures (ie, nationwide curfew and lockdown; advise to stay at home, social distancing and isolation, and quarantine in some parts of the country not including the city of Vienna) to prevent and control the COVID‐19 pandemic in Austria.

2.3. Study objectives and periods {#rth212391-sec-0011}
---------------------------------

The primary objective of this study was the incidence rate of PE per week. The secondary objectives were rate of imaging tests performed per week for the diagnostic workup of PE and the severity of the diagnosed PE events. PE severity was assessed according to the guidelines of the European Society of Cardiology.[^13^](#rth212391-bib-0013){ref-type="ref"} Patients were categorized into low, intermediate‐low, intermediate‐high, and high‐risk PE using hemodynamic parameters, simplified pulmonary embolism severity index (sPESI), imaging of the right ventricle, and high‐sensitivity cardiac troponin T (hs‐cTnT).

To perform comparative analyses, study periods were defined as follows: The period of interest was calendar week 12 to 17, 2020, further referred to as the pandemic period. At the beginning of week 12 (March 16, 2020), the containment measures (nationwide curfew and lockdown) to control the widespread transmission of COVID‐19 started in Austria. After 30 days, on April 14, 2020, stepwise lifting of the nationwide containment measures started. The corresponding periods in years 2018 and 2019 were used as the reference period.

2.4. Statistical analysis {#rth212391-sec-0012}
-------------------------

First, we analyzed the outcomes from week 1 to week 17 in 2020 (ie, intrayear analysis). Second, we compared the outcomes occurring between week 12 and week 17 in 2020 with the aggregated data of the reference period in 2018 and 2019 (ie, interyear analysis). Third, we compared severity of PE during the pandemic period (weeks 12‐17, 2020) with all other PE events occurring during the study period (weeks 1‐17 in years 2018 and 2019 and weeks 1‐11 in 2020).

Incidence rate for the primary outcome (ie, PE) and rate of imaging tests were calculated per week. Incidence‐rate ratio (IRR) of PE and rate ratio (RR) of imaging tests for inter‐ and intrayear analysis were calculated using the Poisson regression to model the number of cases per week. IRR and RR are presented with the corresponding 95% confidence interval (CI). Severity of PE was analyzed using Mann‐Whitney U test. The results were given as the mean (with 95% CI), median (interquartile range \[IQR\]) or number (percentage), as appropriate. A *P* value of \<.05 was considered statistically significant. Data were analyzed using R (Version 3.6.2; R Core Team, 2019).

3. RESULTS {#rth212391-sec-0013}
==========

3.1. Diagnostic procedures and number of imaging tests {#rth212391-sec-0014}
------------------------------------------------------

Overall, 1911 imaging tests (CTPA and V/P lung scans) performed during the observation period (week 1 to week 17 in the years 2018, 2019, and 2020) were identified, and 354 tests were excluded because they were not performed for the diagnostic workup of suspected acute PE. This resulted in 1557 (81.5%) imaging tests, consisting of 1468 CTPAs and 89 V/P lung scans, which were performed for the diagnostic workup of PE. Table [1](#rth212391-tbl-0001){ref-type="table"} describes the number of diagnostic procedures per year and during the period of the pandemic compared to the reference period in the years 2018 and 2019.

###### 

Number of imaging tests and pulmonary embolism diagnoses in weeks 1 to 17 of the respective calendar year

                                      2020               2019               2018
  ----------------------------------- ------------------ ------------------ ------------------
  **Total number of imaging tests**   462                586                509
  CTPA                                441                560                467
  V/P lung scanning                   21                 26                 42
  Tests in calendar weeks 1‐11        358                371                346
  CTPA                                339                355                314
  V/P lung scanning                   19                 16                 32
  Tests in calendar weeks 12‐17       104                215                163
  CTPA                                102                205                153
  V/P lung scanning                   2                  10                 10
  *Intrayear analysis RR (95% CI)*    0.53 (0.42‐0.66)   1.06 (0.85‐1.32)   0.86 (0.69‐1.08)
  *Interyear analysis RR (95% CI)*    0.55 (0.44‐0.68)                      
  **Total number of PEs**             68                 93                 88
  PEs in calendar weeks 1‐11          57                 55                 62
  PEs in calendar weeks 12‐17         11                 38                 26
  *Intrayear analysis IRR (95% CI)*   0.35 (0.18‐0.67)   1.27 (0.66‐2.42)   0.77 (0.40‐1.47)
  *Interyear analysis IRR (95% CI)*   0.34 (0.18‐0.65)                      

Abbreviations: CTPA, computed tomography pulmonary angiography; IRR, incidence‐rate ratio; PE, pulmonary embolism; RR, rate ratio; V/P, ventilation/perfusion

Intrayear analysis: comparison of weeks 1‐11 with 12‐17 in 2018, 2019, and 2020; interyear analysis: comparison of weeks 12‐17, 2020, with weeks 12‐17, 2018 and 2019.
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The intrayear analysis, comparing weeks 1 to 11, 2020, with weeks 12 to 17, 2020 (pandemic period), showed a significant decrease in the weekly number of imaging tests with the start of the nationwide containment measures (mean weekly number of tests, 32.5; 95% CI, 27.5‐37.6 vs. 17.3; 95% CI, 11.6‐23.1, corresponding to a RR of 0.53; 95% CI, 0.42‐0.66). In week 17, number of imaging tests showed a trend toward weekly rates before the pandemic (Figure [1A](#rth212391-fig-0001){ref-type="fig"}).

![Reduction of imaging tests at the Vienna General Hospital carried out to diagnose pulmonary embolism. (A) Dotted vertical line shows start of the public health measures in Austria. (B) Interyear analysis between the pandemic period in year 2020 (weeks 12‐17) and the reference period in 2018 and 2019 displayed as mean (with 95% confidence interval \[CI\]) weekly rate of tests: Rate ratio of 0.55 (95% CI, 0.44‐0.68). Bars represent the mean, and whiskers represent the upper limit of the 95% CI.](RTH2-4-835-g001){#rth212391-fig-0001}

The interyear analysis compared the pandemic period with the reference period of the years 2018 and 2019. Again, the mean number of imaging tests in the pandemic period (17.3; 95% CI, 11.6‐23.1) was significantly lower than the reference period (31.5; 95% CI, 27.1‐35.9, corresponding to a RR of 0.55; 95% CI, 0.44‐0.68) (Figure [1B](#rth212391-fig-0001){ref-type="fig"}).

In 17 (16%) CTPAs performed during the pandemic period, suspicion of COVID‐19 was part of the indication. In 2 of them, COVID‐19 was confirmed.

3.2. Incidence of pulmonary embolism {#rth212391-sec-0015}
------------------------------------

PE was diagnosed in 16.0% (249) of all imaging tests that were performed during the observation period of the years 2018, 2019, and 2020. The detailed numbers per year and for the pandemic period as compared to the reference period in years 2018 and 2019 are shown in Table [1](#rth212391-tbl-0001){ref-type="table"}.

PE rates per calendar week are shown in Figure [2A](#rth212391-fig-0002){ref-type="fig"}. Similar to the trends of imaging procedures, we observed a reduction of PE diagnoses from week 12 in year 2020. The intrayear analysis, comparing the mean weekly incidence rates between the 2 time periods in 2020 (5.2; 95% CI, 3.8‐6.6 vs 1.8; 95% CI, 0.0‐3.6) showed a significantly lower rate during the pandemic period (IRR, 0.35; 95% CI, 0.18‐0.67). The incidence of PE has risen with beginning of calendar week 17 and has reached similar rates as the period before the pandemic with the associated containment measures.

![Decline in pulmonary embolus (PE) cases treated at the Vienna General Hospital associated with the beginning of COVID‐19 containment measures in Austria. (A) Dotted vertical line shows start of the public health measures in Austria. (B) Interyear analysis between the pandemic period in year 2020 (weeks 12‐17) and the reference period in 2018 and 2019 displayed as mean (with 95% confidence interval \[CI\]) weekly incidence rates: Incidence‐rate ratio of 0.34 (95% CI, 0.18‐0.65). Bars represent the mean, and whiskers represent the upper limit of the 95% CI.](RTH2-4-835-g002){#rth212391-fig-0002}

Interyear analysis with the reference periods of 2018 and 2019 (mean incidence rate per week, 5.3; 95% CI, 3.6‐7.1) confirmed the significant drop of PE incidence rate during the pandemic period (1.8; 95% CI, 0.0‐3.6; IRR, 0.34; 95% CI, 0.18‐0.65) (Figure [2B](#rth212391-fig-0002){ref-type="fig"}).

3.3. Patient demographics and severity of pulmonary embolism {#rth212391-sec-0016}
------------------------------------------------------------

Patient demographics, clinical history, and severity of PE of all 11 patients suffering from acute PE during the pandemic period are presented in Table [2](#rth212391-tbl-0002){ref-type="table"}. For comparison, all other patients with PE in this study are displayed as a reference group. Patients with PE during the pandemic were in median 64 (IQR, 49‐83) years old, and 5 (45%) were female. Nine (82%) presented as outpatients and all were admitted to the hospital after confirmed diagnosis of PE. Four (36%) patients had active cancer, 2 (18%) had a history of cancer, 2 (18%) suffered from chronic lung disease, and none was previously diagnosed with congestive heart failure. One (9%) and 4 (36%) patients fulfilled the criteria for high‐risk and intermediate‐high‐risk PE, respectively. Six (55%) showed signs of right ventricular dysfunction on echocardiography or CTPA and 5 (45%) had also elevated hs‐cTnT and N‐terminal pro‐B‐type natriuretic peptide. None of the patients with PE was diagnosed with COVID‐19. Severity of PE (categorized into low, intermediate‐low, intermediate‐high, and high‐risk PE according to the definition of the European Society of Cardiology[^13^](#rth212391-bib-0013){ref-type="ref"}) of patients diagnosed during the pandemic period compared to all PE events in the comparative years did not significantly differ (*P* = .068). However, the median sPESI was significantly higher for patients diagnosed during the pandemic (3; IQR, 1‐3 vs 1; IQR, 0‐2; *P* = .002). The median hs‐cTnT and N‐terminal pro‐B‐type natriuretic peptide levels were 40 pg/mL (IQR, 19‐91) and 1609 ng/L (IQR, 406‐3908) for the patients in the pandemic period and 18 pg/mL (IQR, 9‐59) and 385 ng/L (IQR, 98‐2276) for the reference cohort, respectively. Furthermore, the proportion of patients with PE and active cancer was higher in the pandemic period (36%) than in the reference period (21%).

###### 

Patient demographics and severity of pulmonary embolism

  Variable                                                                  PE patients in pandemic period (n = 11)   All other PE patients[^a^](#rth212391-note-0007){ref-type="fn"} (n = 238)
  ------------------------------------------------------------------------- ----------------------------------------- ---------------------------------------------------------------------------
  Demographics baseline                                                                                               
  Age, median (IQR)                                                         64 (49‐83)                                63 (47‐76)
  Sex, female, n (%)                                                        5 (45)                                    125 (53)
  Inpatient, n (%)                                                          2 (18)                                    57 (24)
  Outpatient, n (%)                                                         9 (82)                                    181 (76)
  Admitted to hospital, n                                                   9                                         132
  Medical history, n (%)                                                                                              
  Active cancer                                                             4 (36)                                    51 (21)
  History of cancer                                                         2 (18)                                    8 (3)
  Congestive heart failure                                                  0 (0)                                     17 (7)
  Chronic pulmonary disease                                                 2 (18)                                    27 (11)
  Severity of PE,[^b^](#rth212391-note-0008){ref-type="fn"} n (%)                                                     
  High‐risk PE                                                              1 (9)                                     11 (5)
  Intermediate‐high risk PE                                                 4 (36)                                    46 (19)
  Intermediate‐low‐risk PE                                                  5 (45)                                    113 (47)
  Low‐risk PE                                                               1 (9)                                     68 (29)
  Right ventricular dysfunction[^c^](#rth212391-note-0009){ref-type="fn"}   6 (55)                                    67 (28)
  sPESI, median (IQR)                                                       3 (1‐3)                                   1 (0‐2)
  Laboratory parameters, median (IQR)                                                                                 
  NT‐proBNP, ng/L[^d^](#rth212391-note-0010){ref-type="fn"}                 1609 (406‐3908)                           385 (98‐2276)
  hs‐cTnT, pg/mL[^e^](#rth212391-note-0011){ref-type="fn"}                  40 (19‐91)                                18 (9‐59)

Abbreviations: hs‐cTnT, high‐sensitivity cardiac Troponin T; IQR, interquartile range; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; PE, pulmonary embolism; sPESI, simplified pulmonary embolism severity index.

Severity of PE by risk categories did not differ significantly between the 2 groups, assessed by Mann‐Whitney U test (*P* = .068). However, scores for sPESI were statistically different (*P* = .002).

This included all patients diagnosed before the pandemic (weeks 1‐11, 2020, and weeks 1‐17 of 2018 and 2019). Two patients experienced a second PE event during the reference observation period, which were counted as a separate event.

Patients of the intermediate‐risk group, who had either no assessment of the right ventricular function or hs‐cTnT was not ordered, were assigned to the intermediate‐low‐risk group. This was done for 3 patients in the pandemic period and 65 patients of the reference group.

Right ventricular dysfunction was assessed by echocardiography and/or computed tomography images.

NT‐proBNP was assessed in 8 patients in the pandemic period and 77 patients of the reference group.

hs‐cTnT was assessed in 7 patients in the pandemic period and 85 patients of the reference group.

John Wiley & Sons, Ltd

4. DISCUSSION {#rth212391-sec-0017}
=============

In this study, we investigated the effect of the COVID‐19 pandemic and the associated containment measures (curfew, lockdown, etc) on the general medical care as exemplified by the incidence of PE and the changes in diagnostic workup for suspected PE at a large single‐center hospital in Vienna, Austria. We have observed a dramatic reduction in cases of patients with diagnosed PE and the number of diagnostic procedures, associated with the start of the lockdown on March 16, 2020, in Austria. When comparing the pandemic period (weeks 12‐17) to the corresponding periods in the years 2018 and 2019, we have observed a 66% reduction in PE diagnoses and a 45% decrease in imaging tests for suspected PE.

The pandemic and lockdown measures resulted in a decline in PE diagnoses, but the reasons are elusive. Our worst suspicion is therefore that the strict measures during the lockdown and the call to not seek medical attention at hospitals in case of COVID‐19--associated symptoms could have prevented people with PE from going to the hospital. In Austria, a diagnosis of PE is generally performed in the hospital setting after general practitioners refer patients with suspected PE to a hospital or patients choose to directly go to a hospital. Early diagnosis and initiation of appropriate treatment are essential to improve clinical outcomes and reduce risk of mortality. Consequently, delays in diagnosis of PE may have adverse clinical consequences. Our data set is confined to diagnostic workup within the hospital, but centrally reported Austrian mortality rates have risen abruptly since the 12th calendar week, and these are not explained solely by the deaths associated with confirmed COVID‐19 cases.[^14^](#rth212391-bib-0014){ref-type="ref"} Interestingly, observations worldwide show a similar gap between registered COVID‐19 deaths and the statistically increased mortality rate.[^15^](#rth212391-bib-0015){ref-type="ref"} The trend toward normalization of PE incidence and test rates in week 17 in our study could be explained by the gradual lifting of lockdown measures, which was initiated on April 14, 2020, in Austria.

The Vienna General Hospital is one of the largest hospitals in Europe and the national pandemic emergency plan intended for the hospital to maintain non--COVID‐19--related acute medical care for the urban population of Vienna. A dramatic reduction in non--COVID‐19--related PE diagnoses and imaging may, therefore, indicate a true reduction in the incidence of PE. On the contrary, a recent consensus document suggested that risk of PE in people without COVID‐19 during the pandemic could be even increased.[^16^](#rth212391-bib-0016){ref-type="ref"} Decreased daily activities and sedentary lifestyles could contribute to a higher risk during the pandemic. However, we must consider that reduced activities leading to trauma and the associated immobility with risk for thromboembolism as well as fewer surgeries, initiation or postponement of oncologic and new hormonal therapies, and reduction of long‐haul travel during the shutdown of routine medical care, could have led to a true decline in PE. Nevertheless, given that approximately a third of all PEs are provoked by trauma, surgery, or hospitalization, and given that these cases did not occur, the observed reduction of 66% cannot fully be explained by decline of provoked cases.

A major limitation of this study is that for COVID‐19 patients, who seem to be at high risk for PE,[^17^](#rth212391-bib-0017){ref-type="ref"}, [^18^](#rth212391-bib-0018){ref-type="ref"}, [^19^](#rth212391-bib-0019){ref-type="ref"} effort was taken to treat them at specific hospitals and reserve our hospital, the Vienna General Hospital, for the acute treatment of non--COVID‐19 patients. Because symptoms for COVID‐19 and PE overlap, this might partly explain the massive decrease in PE diagnosis, as patients with respiratory symptoms might have been transferred to hospitals dedicated to taking care of patients with COVID‐19. However, our data are in agreement with recent results from a nationwide analysis of hospitalizations for acute coronary syndrome that similarly showed a decline in acute coronary syndrome--related hospitalization and support our findings.[^3^](#rth212391-bib-0003){ref-type="ref"} Another potential limitation is that the findings of this study are based on data from a single center. Nevertheless, our hospital is one of the largest in Europe, and the homogeneous procedures for diagnostic workup might even be of advantage. Clinical severity of the PE cases diagnosed during the pandemic assessed by sPESI showed higher scores. However, the interpretation of this result is limited due to the unexpectedly low patient number and the retrospective nature of the study. Still, the design is considered a strength with regard to inclusion of consecutive patients and enabled us to compare results with the reference periods from the previous years.

In summary, our study demonstrates that the COVID‐19 pandemic has an impact on the management of non--COVID‐19--related diseases as shown with the decline in PE incidence and reduction of PE imaging for diagnostic workup. Therefore, we would like to call for awareness to establish strategies to tackle challenges during the COVID‐19 pandemic that may have an adverse impact on acute care of people who develop acute and life‐threatening medical conditions such as PE. However, further studies from other hospitals and with expanded analysis are needed to confirm our findings.

RELATIONSHIP DISCLOSURE {#rth212391-sec-0019}
=======================

The authors report nothing to disclose.

AUTHOR CONTRIBUTIONS {#rth212391-sec-0020}
====================

SN and CA designed the study and had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. IP, OK, HP, and KJ‐S contributed substantially to the interpretation of the data and critical writing and revision of the manuscript. IS developed the algorithm to screen for the imaging tests.

Supporting information
======================

###### 

Supplementary Material

###### 

Click here for additional data file.

The authors thank Florian Moik for statistical advice.
